We present a case of spontaneous regression of a neuroendocrine tumor following pregnancy in the absence of chemotherapy, radiotherapy, or alternative medicine (including herbal medicine). The diagnosis of a nonsecretory carcinoid tumor was confirmed using CT imaging, octreotide scan, and histology. Furthermore, serial imaging has demonstrated spontaneous regression of the carcinoid suggesting that pregnancy did not worsen the course of the disease but instead may have contributed to tumour regression. We discuss mechanisms underlying tumour regression and the possible effect of pregnancy on these processes.
Introduction
Carcinoid tumors were first described more than a century ago [1] , but the treatment of patients with advanced disease remains a challenge to clinicians. They are rare endocrine tumors that can develop in several organs in the body. Clinically, patients can have a wide spectrum of signs and symptoms that range from incidental findings of a polyp during endoscopy to the carcinoid syndrome characterized by severe flushing, diarrhea, abdominal cramping, and lifethreatening right-sided heart failure [2] . Most carcinoid tumors are indolent but can metastasize to regional lymph nodes and to other organs, including the liver, bone, and the central nervous system [3] . Treatment is determined by tumor location and by the presence of distant metastasis. Surgical resection of the tumor is advocated in patients with localized disease and can often be curative [4] . In certain circumstances surgical resection for metastatic carcinoid tumors (MCTs) can prolong survival [5] . Long-acting somatostatin analogs are effective in providing symptom relief in patients with the carcinoid syndrome [6] . In rare cases a liver transplantation may be proposed, such as young patients with no extrahepatic metastasis and low Ki67 index tumor. The 5-year survival rate is about 49%, with a 5-year survival rate without recurrence of around 25% [7] . Overall, 5-and 10-year survival rates in patients with metastatic disease are favorable, although tumors can be resistant to most forms of medical or surgical therapy [8] .
Case Report
A 35-year-old woman presented to the infertility clinic with secondary infertility. At laparoscopy a pelvic tumour was noted in the right uterosacral region abutting the side wall with spread into the pouch of Douglas. This mass was hard, irregular, and white in appearance and biopsy confirmed a carcinoid tumor with a low Ki-67 index (measure of cell division activity) (grade 1) (Figure 1 ). She had no symptoms of flushing, diarrhea, or local discomfort. Endocrine screening showed a nonsecretory tumor with normal fasting gut hormones and normal urinary 5H1AA levels. Tumor markers (CEA, CA-125, AFP, and calcitonin) levels were within normal limits. The patient was transferred to a tertiary centre for further investigation and management. A CT scan of her abdomen and pelvis confirmed the right-sided pelvic mass and peritoneal deposits, but the origin of the tumor was difficult to identify, though the appendix was felt to be the presumed origin of disease ( Figure 2 ). During this period the patient became pregnant. As imaging at that time indicated radiologically static disease, a neuroendocrine tumour multidisciplinary team decision was made to postpone any surgical intervention until after delivery. The patient was monitored by the endocrinology, surgical, and obstetric teams throughout an uneventful antenatal period. A healthy baby was born by elective Caesarean section, with this delivery method chosen to avoid complications from the tumor.
Investigations resumed postpartum for the purpose of staging and determining treatment options. An indium 111 octreotide study, three months postpartum, showed increased tracer uptake in the lower pelvis, correlating to the original tumor as well as a focal increase in the region of the terminal ileum suggesting the location of the primary lesion (Figure 3 ). Having identified a likely primary site, surgical resection was planned. A repeat CT scan, five months postpartum, was undertaken ( Figure 4 ) which failed to detect the original mass. Following MDT review the decision was for repeat laparoscopy. This demonstrated no macroscopic pelvic or abdominal abnormality. A colonoscopy to the terminal ileum with random biopsies was also normal. Nine years later the patient has remained asymptomatic with no evidence of disease recurrence. Surveillance consisted of two-yearly pelvic MRI imaging.
The most recent scan has shown no evidence of abnormality noted in the adnexae bilaterally or around the ileocaecal region suggesting full regression of the previously noted carcinoid tumor ( Figure 5 ). No chemotherapy, radiotherapy, or alternative medicine (including herbal medicine) was given before, during, or after the pregnancy.
Discussion
The incidence of cancer in pregnancy is rare, complicating between 0.02% and 0.1% of pregnancies [9] . The most common cancers associated with pregnancy are cervical, breast, and ovarian [9, 10] , with metastatic carcinoid reported exceedingly rarely [4] . There are no guidelines for the management of carcinoid in pregnancy.
There is only one other reported incidence of spontaneous regression of a neuroendocrine tumour (it was a bronchial carcinoid tumor) following pregnancy [11] . Spontaneous regression of malignant tumours (referred to as spontaneous regression of cancer, SRC) refers to partial or complete disappearance of cancer without medical intervention. It is a very rare phenomenon but has been reported in a variety 4 Case Reports in Endocrinology of cancers, including malignant lymphoma [12, 13] , renal cell carcinoma [14, 15] , hepatocellular carcinoma [16] , and neuroblastoma [17] . Although SRC has often been questioned, the literature describes a number of cases demonstrating this phenomenon. In 1966, Everson and Cole [18] published a classical monograph review of 176 SRC cases published from 1900 to 1964. In 1990, Challis and Stam [19] reported cases from 1900 to 1987, the majority of which occurred in renal cell carcinoma, choriocarcinoma, neuroblastoma, melanoma, breast cancer, and leukemia and lymphomas. Sawant et al. [20] reported on a 40-year-old premenopausal woman who presented with an epigastric lump that was confirmed by open biopsy to be a large gastric carcinoid. The patient had raised serum glucagon level and increased excretion of 5-hydroxyindoleacetic acid in the urine. As she declined a surgical intervention, follow-up at 3 monthly intervals was the agreed action. At 6 months later the tumour had decreased considerably in size and at one year it was no longer palpable and ultrasound examination confirmed that it had completely regressed. Normal levels of urinary 5-HIAA were also noted.
The mechanism driving this exceptional phenomenon remains elusive. The prevalent hypotheses regarding mechanisms leading to spontaneous regression include that of an immunological response in the host [21] , activation of proapoptotic pathways [17] , cytokines and growth factors [22, 23] , and psychological mechanisms [24] , all suggested.
Renal cell carcinoma accounts for the largest number of patients with spontaneous regression with both histological and radiological confirmation and thus offers the best system to characterise the immunological response in spontaneous regression [14, 15, 25] . The increased incidence of certain tumors in immunosuppressed individuals and regression following reduction of immunosuppresive agents [26, 27] lends further support to this hypothesis. Cytokines, interferon, and interleukins 2, 6, and 8 (IL-2, IL-6, and IL-8) exert antitumor effects through activation of the immune system [28] . In a study comparing the cytotoxicity of B and T cells against mammary tumour epithelial cells, parous rats were found to demonstrate significantly increased tumouricidal activity compared to virgin controls. The suggested mechanism was mediated cytotoxic T lymphocytes (CTL) primed by pregnancy-specific antigens in the parous host [29] . Furthermore, natural killer (NK) cells have also been shown to have a spontaneous cytotoxic effect on virus infected and malignant cells [30] and NK activity is known to increase during pregnancy [31] .
Another potential mechanism involves vascular endothelial growth factor (VEGF) receptor blockade leading to rapid, robust, and progressive regression of tumour vasculature, increased intratumoural hypoxia, apoptosis, and reduced tumour invasiveness and metastasis as seen in pancreatic islet cancer [32] . This proapoptotic process is thought to be driven by both oncogene and tumour suppressor gene and has been suggested as a putative mechanism of SRC in leukemia [33] .
In this report, we describe the second reported case of spontaneous regression of a neuroendocrine tumor following pregnancy in the absence of chemotherapy, radiotherapy, or alternative medicine (including herbal medicine). The diagnosis of a nonsecretory carcinoid tumor was confirmed using CT imaging, octreotide scan, and histology. Furthermore, serial imaging has demonstrated spontaneous regression of the carcinoid suggesting that pregnancy did not worsen the course of the disease but instead may have contributed to tumor regression. The mechanisms underlying tumor regression and the effect of pregnancy on these processes are interesting and further study may be helpful in guiding future therapeutic targets for the treatment of cancer.
